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ABSTRACT : 

PROBLEM TO BE SOLVED: To provide a method for controlling the 
refractive 

index of a polymeric optical molded material for optical use that 
does not 

require complicated steps such as preliminary oxidation, can change 
the 

refractive index efficiently, and is excellent in transparency when 
optical 

devices are fabricated. 
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SOLUTION: This optical refractive index modulating polymer is a 
polymer from 

monomers including, as an indispensable component, an acrylic-vinyl 
monomer 

represented by CH2=C (Rl) C (=0) 0-R2=CH2 (wherein Rl is a hydrogen atom 
or methyl 

group; R2 is a saturated or unsaturated 1-20C hydrocarbon group that 
may have a 

hetero atom or halogen atom in a molecule) , and has radically- 
polymerizable 

side-chain vinyl groups remaining in a molecule. According to the 
method for 

controlling the refractive index, the polymer or a composition 
comprising the 

polymer is irradiated with UV or other type of rays to cause density 
change by 

the reaction of the above vinyl groups so that the refractive index 
increase 

(Δn) before and after the irradiation is ≥0.005. 
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•5 ft 46, ft m ft a « £ LTiUfllSftT^StmfcJtttLT, MJBSrtf'hSVC fc3&»6> 
POL*' /h « < W W Tf * 5 o 
[ 0 0 2 6 1 

* 5» 0j5 © ± IS © /S Bf * U » # * f'J ffl 3 t . m *t © *f/WX^ff|T**5o ft i: 

m ss ■ % m m w m t ? s c t # ? * % 0 

* , 7 r ^ « <o is (* fc -f » » * l it m ft m tt m *! l t y r 4 >\ <o 5 £ -h u t a iff 
$?SIB99£^ft2tT, jttia«f*?*ff»-e*«. mft®zi<yx%: E T- « « iO 

3 * 7C ft ^ * U <0 ft m * ft 7 T -Y >% 6D a 7 $ iiJc }C fij ft t*?5„ 
[ 0 0 2 7 ] 

tf t o s y , o ^ <o s ( 1) ; 

CH 2 =C(R')C(=0)0-R 2 =CH 2 - ( 1 ) 

( « * , r ! a * * s ? s ft a / * * r z &®m®. i ~ 2 o o fig * &- ft * ffl % m 

it 7k M M T ft o T > »f^AjaM f * Apy>if^t^?^TU^) 

Ctlfctt, ( a ) ±12(05*: ( 1 ) ?ISn57 * y )\> - Kz.>]/%M#<r)fr3Em®i*. ( 
b ) 3 ( 1 ) f«Jtl57^'J/l' • e-^M^CEittiOMIfj*. if ft « C c ) 3£ 
( 1 ) T- £ £ n £ 7 * y <U • !£ -/H&ttfl;© i « $ ft « 2 MIX .hi C tUX ft <0 M # <0 1 
M&tzlt 2«W±tO«K^#A«^*ti«. £ft, ±C 7D7^i:^» 

[ 0 0 2 8 ] 

± IS <0 jS ( 1 ) T> * 5 tl S 7 * y ;!/ « tT - /b * fi # L T !± , fc>x.!f, - ;b * 2 * 
U 1/ - K e-;I/X^;b^^r^yu-h, £ ~ ;P ij U - K - /t"N * *s 30 

fr* 9 9 V Is — \£ — to* # 9 V U—h* M - >V 7 ^ y U ~ V , tT - ;l/ x /b 7 

^ y U - h 4 if ^ #s vf tb ft 5 ^ , U5 fc U * v> „ ia ffj 14 * A ¥• 14 to Bp 

<fc 0 , < t £ x ;!/ ^ ^ ^ 'J l/-h^«,if]1-«« S $ L, ^ 0 
[ 0 0 2 9 ] 

±E©7 if v ji ■ \£ - n mmftt nm&mm &mm&t bra-, t -*>nftm<Dmm 
icML. * st * ft « m m * * s s -£ * v t> ©TgninifflTtSo n m © 

)V * if ^ y - h , xf;M^^ib- F&i*© C * * ) 7 if y U - >* * ^ SF * b ^ „ 
h y 7/l/*axf;M ^'JL/- r- ft if <D /n u ^ >B ¥ is <0 ^ ~>*x 7 = J x^- 

* y \y~ hS* if Uto h 'J ^ ^ /U ^ 'J /b « ft if T» -V 7^tti(l«If 

lRl«h:*7l/jP*S/;U«*W-r« (^^) 7^J;HIi|ffiTS5 0 
[ 0 0 3 0 ] 

5£ (I) T«Jtl57 ^j*- kf - % : ;1 ^ t C ft &ft (D t Mm tlkW t (DM % , 1&M 
#©#M#36^Mf*^f*«i 0-70* ;l/ % , < tc 1 0 ~ 5 0 -c ;!/ % ft « J: 5 fc f 3 

u#o#a#o«»e -*iosjj;ft «-ist^ c t ft < ss^fbo^ y <y 

o^D, i}gft®7^;l'Altt i S«tt, 1S3 X h ft if £0 <£ !), /S^fr^^^TS 50 
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* u v - u n « aa^«ai{t«n, * ft nm^it ic & o m ®e->i>m<Dwm&.i&fttfft± 

[ 0 0 3 1 ] 

* fg 93 fc i<"> t > ± i2 © ->t m m * & m m ## * # s a . r *ymm<et m % m # » » 

fc ffi ffl £ ft £ o 7y/;wl tv 13 T* it 31 □ ff 1 fc ffltj kf r. ;b |£ & M g £ tl r L £ -5 ft , 
JB fir m $t it ic tffltS if SCt^f^f, $ ft & $J K ^ S ft * <y h 7 - * * U 

HTOBuL i^^ll-t- ISM M« tf - A>IS © - SfS # B * K 51 ffit & iS L T 

L st\ $ ft f# 6 ti 5 $ £ # © iR * ^ » ?■ 11 ffi < ft 5 ft «> , » % L < ft ^ o 

[ 0 0 3 2 ] 

c©fcJ6. * « hb t- t± , ±&mKfa*m%fzsb(»T-* ym-etmtemt lt, # ± §t # 

C CT', ftiliSi:!^ Sc. Y. =? y * J 4 Y £ ft t± 7 * * 7 F ft if © 1 3 

is % m l . g 1*. * & tti, «i^ics & * ft a & -a- ltii n fr s ts *ga&T*gi5ffi£^ 

•5 o d © <t '3 ft&JB«H*»i8fci* ^ £ a -fe -fiTfe 5 , cftttt, >- 

? u ^y 2 V x =. /i> t & m -f * > k , ■< y -r :~ ii k &K J * y £ <r>®&. y u 

- ;b £ & JB -1* * > © ft' * ft E % if P. ti § o th60fTfe, v * O ^ V £ 5? X r. ;b 
[ 0 0 3 3 ] 

( C p 1 ) (Cp2) Mr— (R) p • (L) q ••■ ( 2 ) 

(S4"> Cpl. C p 2ti, ffiSfcHjitX, ^K8I<D > D ^ y ^ ->*x - ;l £ 1tttm 
&Zt\tzy >? u^y * i? x - ~d h *) > Cpl itCp2fctt««*fcttig|S**^L 
T^p L"Cl r Ct) J;l/\ M r U r « <D # ± « K f "e r « 2 ~ 4 £D ffi ^ T? ^ 5. R 

tt*m® : ¥*rz&i%mm 1 - 3 <D««7;u*^»Tis^« l fiie^^ew-r s^^t 

$5. p « R CO » , q {± L <D Wl. , ?tlfftO-2©lS(f'fe!), ± G r te *f L T r 

= p + 2i4Si?i£a«in5. ) 

[ 0 0 3 4 ] 

± G <D £ ( 2 ) *3 ^ T . C p l$lcttCp2tfIgJhft->^n^y*y'i-;K*fc5 

« ^ ■> iitotTii^f ^ a * ft « h u ^ ^ -> y ;b a *« » * u\ gstsofst u 

3 ~ 5 H'\ 

C p i SftiiC p 2Kii, C 5 H 3 . C 5 ( C H 3 ) 5 „ C 5 H 2 ( C H 3 ) 3 , C 5 

( C H 2 C H 3 ) 5 » C 5 H 2 ( C H 2 C H 3 ) 3 , C 5 H 2 [ C H ( C H 3 ) 2 ) 3 , 

C 5 H 2 [Si(C H 3 ) 3 ] 3 C S H 2 (CH (CH 3 ) 2 ] 3 4Jfi^S„ 
[ 0 0 3 5 ] 

Cpi 1 ... t , d , r ^ ft 

ISItUS, - ( C H 2 ) n {St (C H 3 ) 2 ] m - [ n , mtttnfno~3 
tOSST*^, (m+n) ti 1 ~3T?«&3 t < , < lc *J * ? )l >y V fi, S (n# 

Ot'Dii 1 1 ) , V * i- U y (ni'B^mtfO) T*5Cff!f*U\ S /c , % £ S , x 

[ 0 0 3 6 ] 

±IHOS (2) fcl^T, MttStt^^fc ft 5 r ffl CD # ±« ^ g Jg -J- T? , -f -y h U 

(Y) , -f7f*lfH (Yb) , V U A (Sm) . *ffH ( L u ) jff * 

L t \> * O tf » ( r ) ii 2 , 3 * ft £i 4 T* % , i: < IC 2 t ft ii 3 ft ft * U ^ . 
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Rtt, -Mm m s it « m m m. \ ~ 3 <Dumr & * ;i/ * t? * 0 , ^f^itfjfsu^ l 

& i& , 'J x ^ ;]/ x - t- A> , t - "/ ;!/ ^ ;!/ x - fr ;!/ * if ft* 3; 
[ 0 0 3 7 ] 

± E © a ( 2 ) f ft 5 & B NHjMb&ft 0 tft, 

( C p * ) 2 S m s 1 ! - ( C H s 3 • ( T H F ) - ( 3 ) 

(CpXO 2 Yb M! - CC H% > • ( T H F ) - ( 4 ) 
( C p X ) 2 Y "' - (CH, ) • (THF) - ( 5 ) 

( a * , C p * tt 1 . 2 , 3 , 4 , S-^V^^Av'yO'^^i/'i^/i'T'St), T 10 
H F tt x h 5 K F a y ? y t* ft 5 , ) 
© 9 ^O^fh^TSS ft 3 &H*f(*:ffc < L^o 
[ 0 0 3 8 ] 

IftMIB, l&ttli#KJtL, 0 0 1-10? /P % © it ffi M t t 5 S ft* U i; L < . 
t(K0. 1 ~ 5 ? ;l/ % © m ffl 1 fc t § © ft* ftf * U ^ . C © t oi . { ^ » Ci o f£ fij ^ ^ 1 i> 
T U 7 x * > fi * M K < < , f/iii^§i^fl*it^l^$6^i&(ij;!;jS 

[ 0 0 3 9 ] 

7x^yl^(i, it*frofc»jR©*# FT-ffr? ©ft*S* U\> &3t, 7Jl/J> 20 

tt + 1^***1 ft* *!K 3 0 fi 1 % £ IS * 3 t. fi & * fc £ £0 tt tt 

ft*±ft*<3, 1^6ft$^ITt **J*n*<*S. 
[ 0 0 4 0 3 

1 0 0 °C VX TiltS © ft* W H<< fc<C-9 5TC-+3 OtSH'ttS 
O^flK, Ifc»JL<ii-95t~-25ttt50^J:^ 0 {fi fi T? X i£ * Iff 30 
£Iln is® if. W M Wi tt ft* loJ -t L- , ffeiB-r* *-r* s> ^-waii- 

§ & ffi] ft* & 6 n s o 

[ 0 0 4 1 ] 

COi^fc LTff 6tl41^#li, ffi#tt#?rtfc*E£©7S>*/I>S'&fl:«0«8l£x 
;!/ ft* S§ LTfe 5 , ?(DS#$}i9 0%K i: T- ft 5 © ft* » * L < . i?, E 9 5 '96 W ± 7? 
ft 3 ©ft*g£ Ll 1 . 

:cif, * g )S © 7 "J A * M £ tt © il £ tT x >kd m # * , i: A f£ l H-NMRlci 
«fe?Ct^T*l5 0 A , U tf x;U p< ^ * y h C P V M A ) If x 

;Hrti*©:/n h >icgg3|-i§ (4. 9 p p mftjfi) t , afii©/^;l/»**« 40 

^ D h ■ > K m m t< tl 5 tf - ^ ( i . 3 ~ o . 6 p p m ) t © IB « Jt <fc t) , Wttlt^Cttf 

So 
[ 0 0 4 2 ] 

±E7x^>fi^75rffiK: «fc ♦> ® 5 ft S *IS W<OJfcB «Jt«#f*tt , «lli*© 
IjRKiO , it S M tt ft*^> > v : * $ ? x -r >' 7- r •- ( r r ) T 7 0 % iU ± "t? ft $ © ft* S 
S b^o f 7T*3ctia^ fi##©77'vXK^i5 ( T g ) ft*fi a Steffi < ft 0 . B 

-r ft it ± i^a * gtt * ^ 1 1- s <ii ^ ? d t y # &: t k i# l t m 
h n s ye s bt * s it a -a- i* , osD^^fiic?^* ^ « # tt«)iie-;nf # t 50 
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f* it , i/yi/*$ 97- J 4 ~ ( r r ) & 7 0 % W ± t ft 0 9 5 „ 
[ 0 0 4 3 ] 

^r-r >y ± $ k ■» o x m <d m # k m u s # m s * a § t © * 7 y 

y^fO*, T ^ff:;S,T$> a fc 7 * :? X y :7 , 

i/ >- 7 a 7 y 9 $t j -y ^^os^^T^yMf^yf^, 

[ 0 0 4 4 ] 

iy y-yt^^f -f 5> t^-S, ^UY-©5.*II]tt^att§lT'$5o 

* 56 m k. *s if % v y *J it * 9-r 4 y -7 - © fit ii . « ft f* * $ ft <r s # i # i : h j« © :! ft 

? i/V*J*9 •) r -f 7 ^ 4 Mi 7 fiOliq ;l> % t? « b £ 

1*1^. 3 0©*») & L J|Mi <D * /I/ * _ <. r < c ^ v «otri*«2K« 

* d , fflt^r* 1 t&m^ltmG* dedSfciii i lT'IS§M^7-fy^^fY7^ 20 

6 h U 7 F s d I d S fe ti 1 d I X' JiB 4 <a & £ * > >" * £ * 7 4 v $ % h V 7 F » d d 
U 1 Id. dl I, I ddT?lS5l®*Afa^f^7nb'J7Kfc^% 

[ 0 0 4 5 ] 

•yy-y^^i-f -^-yf -f-(i« M at sc it ix^n^ (nmr) ft k * »k sR * s n * 

- N M R m % tz U 1 3 C - N M R !* K. «fc 0 M & t , -> > i " * * 7 7 -C ~> 7 -f - , 7 -f V * 

£ * 46 £ C £ £ 9 , « tti T' * £ o 
[ 0 0 4 6 ] 

*«B0«#tt#S**{fc»«K!*»ttYfc;SiJi&fc{±, iSglCJSUT, « 7|< jR ft & Siil 30 

* ffl ^ 5 « ft f± , n m r <d m s sc « * & is * ^ ^ m =? * ^ ts m m % m m t s © ^ » * l 

< , fttitf 1 H-NMRX^? h ;U7- ^ {C » S £ 33 cfc I3f ? * ^ « ^ D D * >l A , S ^ 

* h NMRKfeltSfflJS««DatRt4> ffl ft f* © X ^ ^ h A- A* - y ic jg t T )i ^ « M 
f S C t T* t 5 o S * 6<j fc i± , 1 H - N M R X ^ {r b )V ic X S © ^ jff S L < , 1 H - N 

MRx-^tcfetts^sstr-^^, io^sat: — *ti45S^sftfii h-nmr 

[ 0 0 4 7 ] 40 

M- * ft?3 K fei > e r iu ( / ^ ) 7 ^ U U-h% m <r> t> ;V S-jH® a ~SIC8nt5 
;i ». « >: /;*II?Jfc!i/f;HfftSS^, C <D X K ffi * ? 5 1 H-NMR©->?t 
A- it . S> >' i>' *• * ^ -? ^ y 9 fz h U 7 F 4» © W, ? . 7 V £ * 7 -f v 5 4 h U 7 F 4" 
« * M M ? , 7 ^ ^ t ^ 7 ? 4 h 'J 7 F t f T'SS 5 ^ * ;l/y 7 h ^Ho C t 

cne<D'>^-f-;noii«tJt%*«>'Sc fcjct »), ^y^^^f ^?y4^'j 

7 F ( r r ) , 7 2 Z 7 -f -y * (AfPl ^f^^ttl^) ft h U 7 F ( m r ) , 7 
■f y H f -f 7 y 4 F 'J 7 F (mm) <8 fj ft ( r r / m r / m m ) * ft 6 4l 5 « 



ftftl ( 1 9 9 5 ), M a c k r o in o 1 : C h e m . , Rapid. C o m m u n . 50 
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, 1 4, 7 1 9 ( 1 9 9 3 ) *ffflLfc s 
[ 0 0 4 8 ] 

g It, V-fr ( * * ) 7 7 U 1/ - h * © * /U # -/1/fiOa - SI K » & £ 

#7 y «J®7£ fcfct F U iVM if ^O^i^*^ 77-f >' 7 Y -Si, 

■g" 4 t> , * ;b ~ )l> &<D a - m M © 1 3 C - N M R ~> ^ 7 A> If- , J'>^^f-f? 
7 & F 'J 7 F 4" © 0£ * Si -?- , T 4 V % 9-r 4 7 9 & h U 7 F * © ft M EC ? , 7* Jf-fv 

? a h y 7 h-*««IS-?T-S4ii: fc**ij$ it, c n 6 © if - 7 © e %1 tt «■ * «> 5 c 

fctiO, (r r/mt/mm) S'SJ&tinS. 10 
[ 0 0 4 9 ] 

33 it 5 ^ > V s * 7 7 7 y x 4 - fi > C © «k 3 fc * * 5 n § * 7 7 7 y S" 7 >f 
— fr> 6 „ ( r r / ( r r + m r + m m ) J X 1 0 0 ( % ) t LT, » tti * tl 3 ft T* & * „ 

* ig bj! © H m -ft m ■« <fe t> ft s n s s # <* , c © ^ > v * * 7 7 ■< * 7 * - ( r r ) # , 

7 0 %&.± fc » 5 Ki^fi* fc % c fc 7^f^yn#'J -7--fcJt<T\ if fltt 

^SI©fiT't<*ftft{.!Ot45„ 5/ V 7 * 7 -y >- 7 -f - a ^ !5 if , cn^lft 

[ 0 0 5 0 ] 

*58B8©St£-#f*, ^5K©,€^*fcit^r. Mtt^3®«©ST% iffi^dfe^ljiT 

^So * ft , *58 93©«£#{4x >t f I S 2 . 0 0 0 11! r *> 0 . •> / 1 SiJ <, ^ {$ 20 

if , $ S J: ff » 14 © ffi T* a £ L ^ i: fc £ , fc < fc 2 ?J J-X ± T* & S © # » i t <U ji # 
5 0 7J fclTT?* S © # <fc V „ 
[ 0 0 5 1 ] 

d ©j; a k:«i«*ns*awo«JB«f*iEaffl^*fi, a»**»»-r*.c^.o. o 

05tti, » * L < (i 0 . 0 lW±©BJJf*ifiin (An) ^ St C i: A^If ^ 4 „ 0 . 
0 0 5 W±OJBSt*IS*»S C fc^T»*ti.if . JlfiBjfrft-f 4 i!0)l£f/W 

J /cm 2 WT. »* U < » 5 J /cs 2 WTf*4fl*> «tv>. 1 0 J /cm 2 ^SiTl^S 

a'J>'?) t«§A^5 t 30 
[ 0 0 5 2 ] 

r )£ I t$a? k j^s, « >tna»»ffl*E^-pfr § 0 *ft> 3tegs$6«j»J 

tl'( - ■ * fvT ? So * P»fc. Jfi LT fc £ V> 0 C ©«fc ^ 4)tBB 

[ 0 0 5 3 ] 

x. Si\ H n ffi |i tc i»iK*« 7 y * /'^ittS )t gfl ^ »j t L T(4. & £ ® © ^ 

>y7i/>l, 7tf7i7 VIS, 7 * * -9" > h > * "tf if x l 1? If o *i > 7 r-i '4 * t ! 40 

its, 7;^^7i/y«4ifA'f if ens f##*iK : ftmitmmn 

m H 4 F ( 7 7 7 * ^ h tt ) 2 0 0 2 ) o 

>ft if ©7 a yftit-Stm*, 4 - 7;V 7 5 7M# Slx7;b4 if ©7 5 7 ft if 

^ ¥ »f 6 n s # , c n fc r ^ * n s t, © -e t± 4 ^ : «^«®fb^x7A (*8& 

>^-) ¥/S 2 ¥) o 
[ 0 0 5 4 ] 

*ft. *iti8ii3, 6 5 2, 2 7 s^mmmiciz. Km®mtm®LT, mm®mm 

frfi® it V X 7 A L X Mm T? * S S . 50 
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£ (') i: '} 'X M m®m m t L T tt , h U .* f a ;/rj si y V [} x 3 A /I/ A >" 1- X n 
If H- * - h , N-7i-*^'J S" > , 1 > 1 ~"y * to - 3 . 5 — is *T h •> B a + -fe >' 
„ 2 - )\> * 7° h V V ^ 7 V ~~ A- > 2 ^ /I/ * X h ^ > X * + If X ~ )l> , E - * ;l> * X 
h^/X-f ^V-ik > X :r. ■■) X »j - 71/ t (>!**7h7tf - F) > 4 

.... 7t 1-7$ 3f7X/-;K jt /I' 7J ■/ h 3a*1 , Ft**>7-* — ll>, $ - ^ ^ A X 
!-i^/-JK 2 - X h x $r I - 7X-A-4 H-f X-;I> - 

5 - f- * - /U , 6 - * ;V A X >• X I) ^ i/A^F U - K t7- (5-^**^h-l, 
3 , 4 - f - ^ 7 X — /!/ - 2 - A* s 2 - 3t tV # X Y - 5 - - h D > X* -T 5 X X - fv , 
2-^I/A7!--4-X^*-6 £ n n 'OX X-;b& t r 6 & © g¥ <k 0 Stf ft 30 

6*1*. #U v ft, KK^M^fflftcoS^fr ft k: $ L 
^fb^ftli, 2 - * X h ^ > X**tf */—)\> ( 2 - M B 0 ) . 2-^l/A7MvX 
-f 5. X X- /ly ( 2 — M B I ) , 2-^H7h^ V X* 7 X- A> (2-MBT) 43 * tf b 
U * 5 1 a - A- X D ^ > h U X - 3 - y A X 1 h X a tf * * - f- ft if T' & 5 „ 
[ 0 0 5 5 ] 

m -e & , Afew^i: u t fe k. mnmmmn yt & m m l k m m *o>® m u-. o v > r 
Eiit^5A\ * « m ft m <o it * (?) mi e> -r n , ^ n ^ n <r> m m <d ft ( k t % a 

«fc t) > ja^f^<D» aa # »i ft s n s n t « n % sc « «2n§ a 

20 

[ 0 0 5 6 ] 

(An) tfo. 0 0 5 WiTfe5J:^I&ftt*<tt. M ffi « ^ ^ M , yt®&m. 
C t <fc 0 % *«?]©8W^I«t5ittT?5„ 

c «d «t a * cifiicii) k & ^ t t , WLMmmmmK o . ao5«i (»h<bo. oik 
±) <omm*®)ja (An) *f#sfe*, E*t»^iw#M^, rctz.i£mHm<D%<£i. 1 o 30 

j / cm 2 «T> ff*L<{45JX ca 2 tt T * <D # <fc V> ,> 
[ 0 0 5 7 ] 

UTKv *f£W<O3S*0fl i: IT , l&*tlT, P V M A o $ 0 £ - ;l/ ^ 7 U U- h 
1 ) , if x ;M ? ? ! J b - F t ft 0 * I # i © 7 y ^ A ft 1 § * ( 
If ;i/ ^ V >? {) l V {ft 5 1 T 54 <i - o / o v» > *t S ^ * ( Sfe Sg W 8 , 
9 ) * « f 13 t , C ti 5 0*gDr*gl a # & t, ^ l m I* lg i£ ttj} LT> «fl-*HfJa»K 

* h rr m % m to s it % m ic ~d ^ t , sit§ 0 

SIM5-7) toi'TtElt*. $6^i;t«Ofcfe, # U ^ A $ x U U- h CM L 40 

[ x< ^ #1 i 3 

[ 0 0 5 8 ] 

7 3 yW&L ft 1 U -J b/KD77Xnt: > S m I 2 3 . 9 6 1 6 g t , r t- 7 t F D 
7 7 > 3 3 0 m 1 * to X. , «i#L£#6x ^ > ^ ^ ^ ^ v" ^ n ^ > ^ 3? X =. )]/ * U 7 A £ 
[ ( C 5 M e 5 ) K] 45, 858g*tox.. Sfi7?EfS*^. ^<D|=|, THF?gff| 

SJgftlC F^xy^Jra^T, ± fS * * EO tR b , SE £E £ Ji £ ■£ © "5 , 50 
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V-yC ( ( C 5 M e 5 ) 2 S m ( T H F ) 2 ] © g £ fir o fc „ C (D [ ( C s M e 5 ) 

2 S m ( T H F ) 2 3 2 . 5g*, F*l>6 Om 1 C»*U h- U X f ;V 7 ;1/ 5 - ^ A 
2. 2 m 1 *4q*s «»UTR*S*fTofco 8t«**IHt£bfc«*, »ISft*fT*i/^ ( 
C s M e 5 ) 2 S m M e (THF) *»ft. 

[ 0 0 5 9 ] 
< P VMA©aS> 

+ # ?K # , Sfi^^ ^ ft i/ a U v i? « Ml , + % (c ft $S . KILftF;HV58 0ml 
An *. , CaH 8 TftSft, HBffKLfcL^^yjt^'JU-hZ 0m I (18. 7 g / I 
6 6. 4 = \) t;LO £jto*ft 0 «ia*'-7 8tKilLfc0l; v iilCJ l£ T? & )Sc L ft M 
K T* £ 5 ( C 5 M e 5 ) 2 S ro M e (THF) 0 . I 8 9 g ( 0 . 3 7 3 ;'Jt*) * £ 30 
if;H^5m i T«S«Lftt,«fftii( > S ^ % Iffl S6 L ft „ «i£#/f»«J± 
#4 4 6 ' k fl J/ , £ I ) ' o ► r > fibril 7 °c c 

3 J$ R3 £ J£ S * ft <0 *S , £ & m IC * * / - ^ ^ Si! i T i a S fS *■ # Jh L- ft „ £ 6 IC , * # 
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0 1$L 46 ft » f- m '> T ft ( M n ) tt7 7, 0 0 0 , ii¥^»fl (Mw) iil 1 5, 00 
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, ^ © ffi t * m ^ s x ;iv s mi g .t r ^ ^ f4 - » -x * > ¥) zm#> 
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H ti 3 % T* Sdfc. 
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* ) * m e t m « e m & l ft t c 5 , oiPT^oft. 

[ 0 0 7 0 ] 

< ft S3 *i ft > ft /I/ © ft H > 
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* NOTICES * 

JPG and INPIT are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the 
original precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION 

[Detailed Description of the Invention] 

[Field of the Invention] 

[0001] 

It irradiates with radiation, such as ultraviolet rays, in this invention. 

Therefore, it is related with the light-refractive-index abnormal-conditions polymers thru/or light- 
refractive-index polymer compositions which a refractive index increases, and these refractive- 
index control methods. 

[Background of the Invention] 
[0002] 

Conventionally, an optical fiber is begun and research and development of various optical 
devices, such as an optical diffraction grating, optical memory, and an optical integrated circuit, 
are prosperous. These days as a materia! of these optical devices, the polymeric material 
which is excellent in processability, pliability, etc. attracts attention. 

[0003] 

The art which controls the refractive index in a device precisely and arbitrarily in production of 
optical devices is indispensable. As such art, by irradiating the glass which doped germanium, 
in the case of an inorganic material, a refractive index is changed, and the method of 
producing an optical diffraction grating is known, for example. 
[0004] 

the case of a polymeric material - a photochemical reaction it irradiates with a laser beam to 
the material which distributed the activity low molecule in polymer, a photochromic reaction 
(photograph breeching) is induced, and the art which changes a refractive index in connection 
with it, and produces an optica! diffraction grating is indicated (refer to patent documents 1). 
The art that the refractive index changed continuously in material and of manufacturing what is 
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called refractive-index-distribution die materials (GRIN material) is also indicated using the 
above-mentioned photograph breeching (refer to patent documents 2). 

In such art, the material which doped the low molecule or introduced the low molecule into the 
polymer molecule is used, the optical absorption by the low molecule became large by the 
case, and sufficient transparency of the device might not be acquired. 
[0005] 

The trial which makes a refractive index high only by optical exposure is made from before 
about the polymethylmethacrylate (PMMA) known as typical polymer for optics, without 
introducing a low molecule. However, although this art is acquired [ the refractive index 
difference large enough for the optica! devices 0.051 ] by the exposure of 325-nm light, in 
order that reactivity may be given to PMMA, The methyl methacrylate which is a monomer was 
polymerized after oxidizing beforehand, therefore production took the long time, and the 
process also had a problem which becomes complicated. 
[0006] 

When it polymerizes without oxidizing the methyl methacrylate which is a monomer, the report 
even if the refractive index of PMMA irradiates with the above-mentioned light, that it does not 
increase at all is made {refer to nonpatent literature 1). When wavelength of the light with 
which it irradiates is shortened more, by 0.2537-micrometer exposure, the main chain of 
PMMA is cut, it is supposed that there is a tendency which lowers density (refer to nonpatent 
literature 2), and it is suggested, for example that it is impossible to raise a refractive index 
from the formula of Lorentz-Lorenz. 
[0007] 

[Patent documents 1] JP,7-92313,A (the 2-3rd page) 
[Patent documents 2] JP.9-1 78901 ,A (the 2-6th page) 

[Nonpatent literature 1] M.J. Bowden, E.A.Chandross, I.P.Kaminow, "Applied Optics" vol.13, 
p. 11 3 (1974) 

[Nonpatent literature 2] W.J. Tomlinson, I.P.Kaminow, E.A.Chandross, R.L.Fork, W.T.Silfvast, 

"Applied Physics Letters" vol. 16, p.486 (1970) 

[Description of the Invention] 

[Problem(s) to be Solved by the Invention] 

[0008] 

As mentioned above, in the conventional refractive-index control method, the optical devices 
produced by the method may not be transparent enough, and as for the process, it was 
complicated that there was the necessity of oxidizing a monomer beforehand etc., and there 
was a case where efficiency worsened. 
[0009] 
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The complicated process of making it oxidize beforehand in the light of such a situation etc. is 
not required for this invention, It aims at providing the refractive-index control method of the 
polymer optical Plastic solid which is excellent in the transparency when a refractive index can 
be changed efficiently and optical devices are produced, the light-refractive-index abnormal- 
conditions polymer used for this, or a Sight-refractive-index abnormal-conditions polymer 
composition. 

[Means for Solving the Problem] 
[0010] 

A method of obtaining efficiently a polymer to which a side chain vinyl group of radical 
polymerization nature remains in intramolecular with a specific polymerization method as a 
result of inquiring wholeheartedly, in order that this invention persons may solve an 
aforementioned problem is found out, if a film which consists of this polymer thru/or its polymer 
composition is irradiated with radiation, such as ultraviolet rays, and crosslinking reaction of 
the side chain vinyl group is carried out, A density change became large, a refractive index 
could be changed efficiently (increase), moreover, also after an exposure, it found out that a 
refractive-index control method of a new polymer optical Plastic solid of excelling in 
transparency was obtained, and this invention was completed. 
[0011] 

That is, this invention is the following formula (1).; 
CH 2 =C(R 1 ) C(=0) 0-R 2 =CH 2 - (1) 

(Among a formula, a hydrogen atom or a methyl group, and R 2 are saturation of the carbon 
numbers 1-20, or an unsaturation charcoal -ized hydrogen group, and R 1 may contain a hetero 
atom and a halogen atom in intramolecular) 

It is a polymer of a monomer which came out and used an acrylic vinyl monomer expressed as 
an essential ingredient, and a side chain vinyl group of radical polymerization nature remains 
in intramolecular, and refractive increment (deltan) when it irradiates with radiation is before 
and after an exposure, and starts a light-refractive-index abnormal-conditions polymer being 
0.005 or more. 
[0012] 

This invention A light-refractive-index abnormal-conditions polymer of the above-mentioned 
composition, and a photoinitiator, a sensitizer, A light-refractive-index abnormal-conditions 
polymer composition which is before and after an exposure and is characterized by being 
0.005 (it measures by the TE mode by the m-Line method) or more costs refractive increment 
(deltan) when it irradiates with radiation including at least one sort chosen from chain transfer 
agents. 
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This invention is the following formula (1),; 
CH 2 =C(R 1 ) C(=0) 0-R 2 =CH 2 - (1) 

(Among a formula, a hydrogen atom or a methyl group, and are saturation of the carbon 
numbers 1-20, or an unsaturation charcoal -ized hydrogen group, and R 1 may contain a hetero 
atom and a halogen atom in intramolecular) 

A polymer in which it is a polymer of a monomer which came out and used an acrylic vinyl 
monomer expressed as an essential ingredient, and a side chain vinyl group of radical 
polymerization nature remains in intramolecular, A iight-refractive-index abnormal-conditions 
polymer composition which is before and after an exposure and is characterized by being 
0,005 (it measures by the TE mode by the m-Line method) or more costs refractive increment 
(deltan) when it irradiates with radiation including at least one sort chosen from a photoinitiator, 
a sensitizer, and a chain transfer agent. 
[0013] 

When this invention irradiates with radiation to a light-refractive-index abnormal-conditions 
polymer or a light-refractive-index abnormal-conditions polymer composition of each above- 
mentioned composition, Refractive increment (deltan) starts a refractive-index control method 
which is before and after an exposure and is characterized by using 0.005 (it measures by the 
TE mode by the m-Line method) or more. 

Especially this invention can provide a refractive-index control method of the above-mentioned 
composition that radiation is ultraviolet rays and irradiation light quantity of ultraviolet rays is 
below 10 J/cm 2 . 
[0014] 

This invention is the following formula (1).; 
CH 2 =C(R 1 ) C(=0) 0-R 2 =CH 2 - (1) 

(Among a formula, a hydrogen atom or a methyl group, and R 2 are saturation of the carbon 
numbers 1-20, or an unsaturation charcoal -ized hydrogen group, and R 1 may contain a hetero 
atom and a halogen atom in intramolecular) 

A manufacturing method of a light-refractive-index abnormal-conditions polymer using and 
carrying out anionic polymerization of the metal complex catalyst which makes a rare earth 
metal an active center for a monomer which came out and used an acrylic vinyl monomer 
expressed as an essential ingredient as a polymerization initiator is started. 
[0015] 

Especially as for this invention, a metal complex catalyst which makes a rare earth metal an 
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active center is the following formula (2).; 
(Cpl)Mr-(R) p- (Cp2) (L)q- (2) 

(The inside of a formula, cyclopentadienyl independently unsubstituted to mutual in Cp1 and 
Gp2, or ** [ It is the cyclopentadienyl by which ** was carried out and Cp1 and Cp2 pass direct 
or a connecting group. ] ****** may be earned out.) r of Mr is an integer of 2-4 by a rare earth 
metal atom of r value. R It is a straight chained alky) group of ********** 0 r the carbon numbers 
1-3. With a solvent in which L has coordination ability It is. p is the number of R and q is the 
number of L, it is an integer of 0-2, respectively, and it is chosen so that it may be set to r = 
p*2 to the above-mentioned r. 

It comes out and a manufacturing method of a light-refractive-index abnormal-conditions 
polymer of the above-mentioned composition which is a metal complex compound expressed 
can be provided. 
[Effect of the Invention] 
[0018] 

As mentioned above, according to the Sight-refractive-index abnormal-conditions polymer 
thru/or light-refractive-index abnormal-conditions polymer composition in which the side chain 
vinyl group of radical polymerization nature remains in the intramolecular of this invention. The 
refractive index can be made to increase arbitrarily by irradiating the Plastic solid with 
radiation, such as ultraviolet rays, with a proper dose, without passing through the complicated 
process of making it oxidize beforehand like before etc. 

It is more efficient by [ random ] being, and carrying out and carrying out block 
copolymerization in various kinds of monomers as a copolymer component of the above- 
mentioned polymer, and a refractive index change can be caused. 

By this this invention, since other low molecules are not doped to a Plastic solid, when optical 
devices are produced, it excels in that transparency. The refractive index difference acquired 
by this invention is 0.005 or more, and is a value large enough for optical devices. 
[Best Mode of Carrying Out the Invention] 
[0017] 

This invention makes it a main point to irradiate intramolecular with radiation to the polymer in 
which the side chain vinyl group of radical polymerization nature remains, to induce the 
crosslinking reaction of the above-mentioned side chain vinyl group, and to make the refractive 
index of a polymer optical Plastic solid increase by a density change. 
[0018] 

Here, as a polymer in which the side chain vinyl group of radical polymerization nature 
remains, polyvinyl metnacrylate (henceforth PVMA) is suitably used for intramolecular. PVMA 
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had the transparency outstanding also in optical polymer, and a double reflex did not happen 
easily, further, a moldability is good and the mechanical strength has also balanced. Since the 
refractive index difference acquired by radiation irradiation is also the largest, in this invention, 
it is used especially preferably. The copolymer which made the above-mentioned PVMA the 
constituent is also preferred. 
[0019] 

As radiation, although there are alpha rays, a beta ray, a gamma ray, a neutron beam, an 
electron beam, ultraviolet rays, etc., especially ultraviolet rays are desirable. This is because 
there is an advantage, like can simplify irradiation equipment and degradation of a film does 
not take place easily according to the ultraviolet rays. 

The wavelength of ultraviolet rays makes a polymer change structurally in the crosslinking 
reaction of a side chain vinyl group, and it can be set up, without being especially limited, if it is 
the wavelength which can enlarge the density change. Although not generally decided by a 
relation with irradiation intensity etc., specifically, 200-450 nm is 250-350 nm especially 
preferably. 

As a light source of ultraviolet rays, it is suitably chosen in consideration of the wavelength with 
which it irradiates. As an example, a high-pressure mercury lamp, a low-pressure mercury 
lamp, a metal halide lamp, ultraviolet laser, etc. can be mentioned. Since it irradiates with 
specific wavelength in glaring, a wavelength filter can be used. 
[0020] 

Since the photochemical reaction of the polymer which has a radical polymerization nature 
group in intramolecular cannot be induced, therefore a refractive index change cannot be 
obtained, if the irradiation intensity of ultraviolet rays is too small, Since a Plastic solid may 
become opaque or it may become weak if intensity is too large unsuitably and conversely, in 
consideration of these, it is set up suitably. 

Although it specifically changes also with wavelength with which it irradiates, it is 0.1 - 1 W/cm 2 

suitably [ considering it as a 0.001 - 3 W/cm 2 grade ], and preferably. 

[0021] 

Time to irradiate with ultraviolet rays is suitably set up in consideration of the refractive index 
difference made profitably like. That is, since the refractive index of a Plastic solid increases 
continuously by the exposure of ultraviolet rays, a refractive index is arbitrarily controllable by 
the method of this invention by setting irradiation time as a suitable value. Although concrete 
irradiation time changes with the irradiation wave length and intensity of ultraviolet rays, For 
example, it is appropriate for the irradiation time at the time of irradiating with the ultraviolet 
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rays which contain 280-300 nm in the Plastic solid of PVMA by the intensity of 300 mW/cm 2 , 
and making a refractive index increase 0.01 times to consider it as a for [ about 0.5 to 2 
minutes ] grade. 
[0022] 

As for especially the addition light volume of ultraviolet rays, it is [ below 10 J/cm 2 ] desirable to 
consider it as 5 J/cm 2 . It is not practical from the field of the time which degradation of a film 
may take place and the exposure exceeding 10 J/cm 2 takes at it, or cost. 

When irradiating with ultraviolet rays, temperature of a Plastic solid can be made high and can 
be performed. The reactivity of the polymer in which the side chain vinyl group of radical 
polymerization nature remains can increase in intramolecular by this, and a refractive index 
can be changed more efficiently. Although a concrete temperature can be suitably set up in the 
range which does not exceed the melting temperature of a Plastic solid, in the case of the 
Plastic solid which consists of PVMA(s), for example, about 40-70 ** is suitable for it. 

In the increase in the refractive index by such UV irradiation, Although there is no necessity in 
particular of carrying out under inactive gas existence, in consideration of the flexibility of that 
use embodiment, it is good to carry out under existence of inactive gas, such as nitrogen and 
argon, desirably, and since scaling in a film and an air interface is controlled in this case, it is 
easier to obtain a big refractive index change with low illumination. 
[0023] 

The side chain vinyl group of the radical polymerization nature which remains in polymer 
intramolecular can carry out crosslinking reaction, density can go up by this, and the refractive 
index of a Plastic solid can be made to increase by irradiating with ultraviolet rays on such 
conditions, Making some Plastic solids construct a bridge etc. can use the above-mentioned 
crosslinking reaction effectively, if density is a reaction which becomes large. 

Although the increase in the refractive index of a maximum of 0.01 or more can be acquired 
with the method of this invention, if 0.005 or more refractive index differences can be acquired 
actually, it will be a value high enough for optical devices, such as an optical fiber and an 
optical diffraction grating. 
[0024] 

In this invention, the refractive index of a light-refractive-index abnormal-conditions polymer is 
measured by helium-Ne laser (wavelength of 633 nm) using the m-Line method (prism 
coupling process), in this case, although measurement with TE (transverse - electric) mode 
(the film plane of material and the polarization mode of a parallel light) and TM (transverse 
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magnetic} mode (the film plane of material and vertical polarization mode) is possible, This 

invention estimates the increment with the refractive index in the TE mode. 

[0025] 

In especially an optical waveguide and an optical integrated circuit, since the propagation loss 
of light will become large and a phase wii! arise in light information if the difference of the TE 
mode and a TM mode refractive index is large, it is not desirable. Therefore, material with few 
polarization dependency losses (Polarization Dependent LossPDL) of material is called for 
small [ the difference of the refractive index of the TE mode and the TM mode ] that is,. 
Therefore, as for the difference of the refractive index of the TE mode and the TM mode, it is 
[ 0.00100 or less ] preferably desirable that it is 0.00080 or less. 

Since it consists of an acrylic material as seen in the aforementioned formula (1) and the 
double reflex is small as compared with the material currently used widely as an optical 
waveguide material, the iight-refractive-index abnormal-conditions material of this invention 
has small advantageous PDL. 
[0026] 

If the above-mentioned refractive- index control method of this invention is used, various optical 
devices are producible. For example, a tabular Plastic solid can be irradiated with ultraviolet 
rays via a mask, a portion with a high refractive index can be formed, and it can be considered 
as an optical waveguide and an optical integrated circuit. 

A fiber-like Plastic solid is irradiated with the ultraviolet rays made into the interference fringe, a 
refractive index is periodically changed in the length direction of a fiber, and an optical 
diffraction grating can be produced. Ultraviolet rays can be condensed with a lens etc., it can 
be set up become the conditions which can induce the reaction for which only the 
neighborhood of a focus enlarges polarizability, and the refractive index of the specific position 
in the depth direction of a Plastic solid can also be made to increase. This method is applicable 
to production of three-dimensional optica! memory, or formation of the core part of an optical 
fiber. 
[0027] 

The polymer in which the side chain vinyl group of radical polymerization nature remains in the 
intramolecular which described above the light-refractive-index abnormal-conditions polymer of 
this invention, i.e., the following formula, (1); 
CH 2 =C(R 1 ) C(=0) 0-R 2 =CH 2 ~ (1) 

(Among the formula, a hydrogen atom or a methyl group, and R 2 are the saturation of the 
carbon numbers 1-20, or an unsaturation charcoal -ized hydrogen group, and R 1 may contain 

http://www4. ipdljnpit.gojp/cgi-bin/tran_web_cgi_ejje?atw_u=http 0 /o3A%2F°/o2Fwww4.ip... 6/17/2009 



JP,2G05-126688,A [DETAILED DESCRIPTION] 



Page 9 of 31 



the hetero atom and the halogen atom in intramolecular) 

it is a polymer of the monomer which came out and used the acrylic vinyl monomer expressed 
as the essentia! ingredient, and the side chain vinyl group of radical polymerization nature 
remains in intramolecular. 

The gay polymer of the acrylic vinyl monomer expressed with the formula (1) of (a) above to 
this, (b) One sort of two or more sorts of copolymers of the acrylic vinyl monomer expressed 
with a formula (1) or the acrylic vinyl monomer expressed with the (c) type (1) or two sorts or 
more, one sort of monomers other than this, or two sorts or more of copolymers are contained. 
Both the above-mentioned copolymers may be block polymers, or may be random polymers. 
[0028] 

As an acrylic vinyl monomer expressed with the above-mentioned formula (1), For example, 
although vinyl methacrylate, vinyl ethyl methacrylate, vinyloctyl methacrylate, vinyl hexyl 
methacryiate, vinylbutyl methacrylate, vinyl acrylate, vinyl ethyl acrylate, etc. are mentioned, it 
is not limited to these. It is more desirable than the field of flexibility or availability to use vinyl 
methacrylate for profit. 
[0029] 

As the above-mentioned acrylic vinyl monomer and a copoiymerizable monomer, to the 
catalyst for anionic polymerization, if inertness or a catalyst is not deactivated, it can be used. 
Acrylate (meta), such as methyl methacrylate and ethyl methacrylate, is more preferred than a 
copolymeric field. The thing containing hetero atoms, such as a thing containing halogen 
atoms, such as trifluoroethylmethacrylate, and diethylamino ethyl methacrylate, can also be 
used. What has a functional group which deactivates a catalyst can be used with capping a 
functional group, For example, if hydroxyethyi methacrylate caps a hydroxyl group with a 
trimethylsilyl group etc. beforehand, they can be used, and they can use the acrylic acid which 
have a carboxyl group similarly (meta). 
[0030] 

The rate of the acrylic vinyl monomer expressed with a formula (1) and the above-mentioned 
monomers other than this is not limited in particular, if a desired refractive index change is not 
spoiled before and after radiation irradiation. Generally, if it is made for the latter monomer to 
be 10-70-mol% of whole monomer, and 1 0-50-mol %, the merit of copolymerization-izing can 
be demonstrated, without reducing the reactivity of the side chain vinyl group of the former 
monomer. 

That is, since the kind of polymeric material which constitutes a Plastic solid is optimized and 
the primary reactivity of a side chain vinyl group improves by copolymerization-ization from 
points, such as the film properties of a Plastic solid, transparency, and a manufacturing cost, 
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the combination whose refractive index change is more possible in it being possible in low 

radiation illumination exists. 

[0031] 

In this invention, in order to obtain the above-mentioned light-refractive-index abnormal- 
conditions polymer, an anionic system polymerization initiator is used suitably. In a radical 
polymerization initiator, since a side chain vinyl group will also be consumed during a 
polymerization, the vinyl group used for a refractive index change will not be able to be 
obtained, and it will be network polymer (gel) insoluble to a solvent. Since the yield and the 
molecular weight of a polymer which are obtained by carrying out crosslinking reaction become 
low while a part of side chain vinyl group polymerizes, BuLi, a GURiNSYA reagent, etc. as an 
organic metallic compound which are general-purpose anionic initiators are not preferred. 
[0032] 

For this reason, in this invention, the metal complex catalyst which makes a rare earth metal 
an active center is used as an anionic initiator for obtaining the above-mentioned polymer. 

Here, a rare earth metal refers to 13 group metals, such as Sc, Y, a lanthanoids, or actinoid, 
and the part which configurates or combines an active center with a monomer, and starts a 
direct polymerization reaction is said. Such a metal complex catalyst is called what is called a 
metallocene catalyst, and the complex of cyciopentadienyl and a metal ion, the complex of 
indenyl and a metal ion, the complex of fluorenyl and a metal ion, etc. are mentioned to this. 
Also in these, especially the complex of cyciopentadienyl and a metal ion is preferred. 
[0033] 

As such a metal complex catalyst, 
(Cp1) Mr-(R) p- (Cp2) (L)q-- (2) 

(The inside of a formula, cyciopentadienyl independently unsubstituted to mutual in Cp1 and 
Cp2, or ** [ It is the cyciopentadienyl by which ** was carried out and Cp1 and Cp2 pass direct 
or a connecting group. ] ****** may be carried out.) r of Mr is an integer of 2-4 by the rare earth 
metal atom of r value. R It is a straight chained aikyl group of ********** 0 r the carbon numbers 
1-3. With the solvent in which L has coordination ability It is. p is the number of R and q is the 
number of L, it is an integer of 0-2, respectively, and it is chosen so that it may be set to r - 
p+2 to the above-mentioned r. 

It comes out and the metal complex compound expressed is used preferably. 
[0034] 

When it formula [ above-mentioned ] (2) is the cyciopentadienyl by which it set and Cp1 or Cp2 
was replaced, as a substituent, a methyl group or a trimethylsilyl group is preferred. As the 
number of substituents, 3-5 are preferred. 
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in Cp1 or Cp2, C^, CJCH3) g , C 5 H 2 (CH 3 ) 3 , C 5 (CH 2 CH 3 ) 5> and C 5 H 2 (CH 2 CH 3 ) 3, C 5 H 2 

[CH(CH 3 ) 2 ] 3 , C 5 H 2 [SKC H 3 ) 3 ] 3 C 5 H 2 [CH(CH 3 ) 2 ) There are 3 etc. 

[0035} 

As for Cp1 and Cp2, it is desirable to have joined together via direct or a connecting group, 
and to have joined together especially via a connecting group. 

As a connecting group, it is -(CH 2 ) n. [Si(CH 3 ) 2 ] m-[n and m are the integers of 0-3, 

respectively, and (m+n) is 1-3] is preferred, and it is preferred that it is especially a 
dimethyteilyl group (m is 1 at 0 in n) and dimethylene (m is 0 at 2 in n). A connecting group 
may be a basis containing hetero atoms, such as an oxygen atom of ether nature. 
[0036] 

Set, M formula [ above-mentioned ] (2) Is a rare earth metal atom of r value used as an active 
center, and yttrium (Y), an ytterbium (Yb), samarium (Sm), and iutelium (Lu) are preferred. The 
valence (r) is 2, 3, or 4, and especially 2 or 3 is preferred. 

R is a straight chained alkyi group of a hydrogen atom or the carbon numbers 1-3, and its 
methyl group is preferred. It is a solvent which has coordination ability, and the solvent of L 
containing a hetero atom is preferred, and its ether system solvent is preferred. An ether 
system solvent has cyclic ether system solvents, such as a tetrahydrofuran and 
tetrahydropyran, diethylether, preferred t-butylrnethyi ether, etc. 
[0037] 

Even inside of the metal complex compound expressed with the above-mentioned formula (2), 
(Cp*) 2 Sm nl - (CH 3 ) and (THF) - (3) 

(Cp*) 2 Yb iH - (CH 3 ) and (THF) - (4) 

(Cp*) 2 Y m - (CH 3 ) and (THF) - (5) 

(Cp* is 1 ,2,3,4,5-pentamethylcyclopentadieny! among a formula and T HF is a 
tetrahydrofuran.) 

** - especially the metal complex compound expressed with inner either is preferred. 
[0038] 

In this invention, as for the metal complex catalyst which makes an active center the above- 
mentioned rare earth metal used as a polymerization initiator, it is preferred to consider it as% 
of the amount of 0.01-10 mol used to a polymerization nature monomer, and it is preferred to 
consider it as% of the amount of 0.1-5 moS used especially. If, and it is hard to advance anionic 
polymerization and becomes excessive, it will be easy to interfere with the characteristic of 
polymers, such as a molecular weight and molecular weight distribution. [ the amount of this 
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metal compSex catalyst used ] 
[0039] 

As for anionic polymerization, it is desirable to carry out under anhydrous and the conditions of 
anoxia. It is preferred to carry out under the inert gas atmosphere of nitrogen, argon, etc. It is 
desirable to carry out a polymerization reaction under existence of a solvent, the nonpoiar 
solvent of a solvent is preferred and its aromatic system nonpoiar solvents, such as benzene, 
toluene, and xylene, are especially preferred. 

The quantity of the polymerization nature monomer at the time of a polymerization is good to 
consider it as 5 to 30 % of the weight among a solvent. Less than 5 % of the weight wi cover 
the expenses of the viscosity of a system during a polymerization, if there is a possibility that a 
molecular weight cannot be enlarged enough and it exceeds 30 % of the weight, and there is a 
possibility that polymerization conversion may fall. 
[0040] 

Polymerization temperature is good to consider it as -95 **-25 ** preferably [ it is preferred to 
consider it as 100 ** or less, and / considering it as -95 ** - about +30 ** especially ], and most 
preferably. The tendency for the tacticity of a formed polymer to improve and for the 
syndiotacticity mentioned later to improve is seen, so that a polymerization reaction is 
performed at low temperature. 
[0041] 

Thus, the side chain vinyl group of radical polymerization nature with a polymer un reacted to 
polymer intramolecular obtained remains, it is preferred that it is not less than 90%, and, as for 
the survival rate, it is desirable that it is not less than 95 more%. 

Here, the survival rate of unreacted side chain vinyl of radical polymerization nature can be 
searched for, for example by 1 H-NMR. For example, in the case of polyvinyl methacrylate 
(PVMA), it is computable from the surface ratio of the peak (near 4.9 ppm) which belongs to 
the proton of vinyl group origin, and the peak (1 .3-0.6 ppm) which belongs to the proton of the 
methyl group origin of an alpha position. 
[0042] 

As for the light-refractive-index abnormal-conditions polymer of this invention obtained by the 
above-mentioned anionic polymerization method, it is desirable for tacticity to be not less than 
70% in syndiotacticity (rr) by selection of a monomer. According to a thing with that right, the 
glass transition point (Tg) of a polymer becomes high far, and becomes the thing excellent in 
heat resistance. 

Namely, as for the light-refractive-index abnormal-conditions polymer produced by 
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polymerizing under existence of the metal metallocene complex catalyst which makes a rare 
earth metal an active center, i.e., the polymer which has a side chain vinyl group of radical 
polymerization nature in intramolecular, syndiotacticity (rr) can be not less than 70%. 
[0043] 

Generally, it is explained as syndiotacticity as follows. 

If two sorts of different atoms or atom groups (substituent) have combined with the carbon 
atom of the repeating unit which forms the main chain of a chain polymer molecule, 
stereoisomerism will arise centering on this carbon atom. At this time, the next unit what takes 
an opposite configuration always along with a main chain in arbitrary repeating units 
Syndiotactic, What has a configuration of the next unit arbitrary along with an eye SOTAKU 
tick and a main chain in that in which the next unit takes the always same configuration along 
with a main chain is called ATAKU tick, respectively. The rate of AISO tacticity and an ATAKU 
tick portion is called [ the rate of the syndiotactic portion of ail the configurations in a polymer 
chain ] ATAKU tee city for the rate of syndiotacticity and an eye SOTAKU tick portion, 
respectively. 
[0044] 

Syndiotacticity is an index showing the tacticity of polymer. 

The value of the syndiotacticity in this invention is a value which expressed the rate of the 
polymerization unit of a syndiotactic triad with moi % among the whole quantity of the 
polymerization unit of the monomer origin which constitutes a polymer. In this specification, a 
triad means the chain which consists of three of the repeating units of a polymer. One side of 
the configuration of alpha-carbon (asymmetrical carbon) of the carbonyl group of three 
repeating units d, the chain which stands in a row by ddd or ill when another side is expressed 
as I - eye SOTAKU - the chain which stands in a row a tick triad and the chain which stands 
in a row by did or Idl by a syndiotactic triad, ddi, lid, dll, and Idd is called heterotactic triad. 
[0045] 

Syndiotacticity is searched for by a nuclear-magnetic-resonance-spectrum (NMR) method. 
Namely, the polymer of this invention is dissolved or swollen with the deuterafion solvent which 
dissolves this, It is computable by measuring with 1H-NMR method or 13C-NMR method, 
measuring the integral value of the signal reflecting syndiotacticity, AISO tacticity, and an 
ATAKU tee city, and calculating these ratios. 
[0046] 

When the polymer of this invention is poorly soluble, it may add and use for a deuteration 
solvent a deuteration solvent or the solvent which is not deuterated if needed. When using the 
solvent which is not deuterated, it is preferred to choose the solvent containing the atom which 
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does not have on measurement of NMR, for example, heavy chloroform as for which ****** is 
not in 1H-NMR spectrum data about influence, and heavy benzene are mentioned. 

Selection of the measurement core in NMR can be suitably changed according to the spectrum 
pattern of a polymer. Being based on a 1H-NMR spectrum is preferred fundamentally, and 
when the required peak in 1H-NMR data Saps with other unnecessary peaks, or when it cannot 
measure in 1 H-NMR, being based on a 13C-NMR spectrum is preferred. 
[0047] 

When the substituent X combined with alpha-carbon of the carbonyl group of a vinyl (meta) 
acryiate monomer is specifically a hydrogen atom or a methyl group, The signal of 1 H-NMR 
originating in this X, the hydrogen atom in a syndiotactic triad, and eye SOTAKU - the 
hydrogen atom in a tick triad. ATAKU ~ by using having a chemical shift which is different with 
the hydrogen atom in a tick triad, and asking for the surface ratio of these signals, a 
syndiotactic triad (rr) and ATAKU ~ a tick (it is also said that it is heterotactic) - a triad (mr) 
and eye SOTAKU - a tick triad (mm) is called for comparatively (rr/mr/mm). 

A new edition polymers analysis handbook, the edited by Japan Society for Analytical 
Chemistry (1995), Mackromol.Chem., Rapid.Commun., and 14,719 (1993) were used as 
reference of attribution of an NMR spectrum. 
[0048] 

Syndiotacticity in case the substituent combined with alpha-carbon of the carbonyl group of a 
vinyl (meta) acryiate monomer is a fluorine atom or a trifluoromethyl group is searched for by 
the surface ratio of 13 C-NMR peak. 

Namely, the carbon atom in a triad [ syndiotactic / signal / of alpha-carbon of a carbonyl group / 
13 C-NMR ], eye SOTAKU - the carbon atom in a tick triad, and ATAKU - (rr/mr/mm) is called 
for by asking for the surface ratio of these peaks using differing with the carbon atom in a tick 
triad. 
[0049] 

From each tacticity asked for the syndiotacticity in this invention in this way, [rr/(rr+mr+mrri)] As 
x100 (%), it is a value computed, the polymer obtained by the manufacturing method of this 
invention takes the high value of not less than 70% in this syndiotacticity (rr) - ATAKU - 
compared with tick polymer, it becomes what is a point of heat resistance or intensity and was 
excellent. These physical properties improve, so that syndiotacticity is high. 
[0050] 

The polymer of this invention has dominance physical properties in respect of heat resistance 
or intensity compared with the conventional polymer. A number average molecular weight is 
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2,000 or more, as for the polymer of this invention, it is preferred from it being so desirable in 
respect of intensity and physical properties that a molecular weight being high that it is 20,000 
especially or more, and it is good that it is usually 500,000 or less. 
[0051] 

The light-refractive-index abnormal-conditions polymer of this invention constituted in this way 
needs to show 0.01 or more refractive increment (deltan) preferably by irradiating with 
radiation 0.005 or more. If 0.005 or more refractive index differences can be acquired, it is 
applicable to optical devices, such as an optical fiber and an optical diffraction grating. In the 
case of ultraviolet rays, as a dose of the radiation in this case, it is [ below 10 J/cm 2 ] good that 
it is below 5 J/cm 2 preferably, for example. When it must irradiate with ultraviolet rays 
exceeding 10 J/cm 2 , a film turns yellow, transparency may be spoiled or shape may change 
(shrink). 
[0052] 

In this invention, what is called a photoinitiator that generates radical species in the above- 
mentioned Sight-refractive-index abnormal-conditions polymer by operation of light, and makes 
it start a polymerization if needed can be blended. The photosensitizer as an optical start 
auxiliary agent can be blended. A chain transfer agent may be blended. By blending such a 
photoinitiator, a photosensitizer, or a chain transfer agent, the crosslinking reaction nature of a 
side chain vinyl group can improve, and a refractive index change (increase) can be caused 
better. 
[0053] 

An above-mentioned photoinitiator, sensitizer, or chain transfer agent can be arbitrarily used 
according to the purpose. For example, it has absorption in an ultraviolet region, the 
benzophenone series of a hydrogen drawing die, an acetophenone series, a thioxan ton 
system, etc. are mentioned as a photoinitiator which generates a radical, and a benzoin 
system, an alkyl phenon system, etc. are mentioned as an intramolecular cleavage type, 
[reference: Photo-curing technical practical use guide (Technonet) 2002] . 

As a photosensitizer (optical start auxiliary agent), although amine compounds, such as 
triethanolamine and tri-isopropanoiamine, amino compounds, such as 4-dimethylamino ethyl 
benzoate, etc. are mentioned, it is not limited to this, [reference: Ultraviolet curing system 
(United Engineering Center) Hes'sei 2] . 
[0054] 

it uses together with a photoinitiator on U.S. Pat. No. 3,652,275 specifications, and they have 
the description that a chain transfer agent is effective as a photo-curing system. 
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As such a chain transfer agent, trimethylolpropanetris-3-mercaptopropionate, N-phenylglycine, 
an 1,1 -dimethyl- 3,5-diketo cyclohexene, 2-mercaptobenzothiazole, 2-mercapto benzoxazole, 
2-mercaptobenzsmidazole, pentaerythritoi tetrakis (mercapto acetate), 4-acetamide thiophenol, 
mercaptosuccinic acid, dodecanethioi, beta-mercaptoethanol, 2~mercaptoethanesulphonic 
acid, a 1-phenyl 4H-tetrazole 5-thiol, A 6-mercaptopurine mono- hydrate, bis- (what is chosen 
from the group which consists of 5-mercapto-1 ,3,4-thiodiazoie 2-yl, 2-mercapto-5- 
nitrobenzimidazole, 2-mercapto-4-sulfo- 6-chloro benzoxazole, etc. is mentioned.) Especially a 
desirable compound from a viewpoint of compatibility with polymer, reaction promotion nature, 
or flexibility, They are 2-mercapto benzoxazole (2-MBO), 2-mercaptobenzimidazoie (2-MB!), 2- 
mercaptobenzothiazoie (2-MBT), trimethylolpropanetris-3-mercaptopropionate, etc. 
[0055] 

Although this invention has indicated the increase in the refractive index which mainly used the 
light of the ultraviolet region as radiation, If it carries out from the principle of the increase in 
the refractive index, it wiil be easily imagined by the light (for example, visible region) of fields 
other than ultraviolet rays also having absorption in the wavelength, and using the combination 
which can excite an initiator that the increase in a refractive index is expected. 

In this invention, alpha rays, a beta ray, a gamma ray, a neutron beam, an electron beam, etc. 

can be used as radiation other than ultraviolet rays as stated above. 

[0056] 

In this invention, like the above-mentioned iight-refractive-index abnormal-conditions polymer, 
even if it is not the polymer of as [ whose refractive increment (deitan) is 0.005 or more with a 
polymer simple substance ], The purpose of this invention can also be attained by considering 
it as the light-refractive-index abnormal-conditions polymer composition which blended at least 
one sort chosen from the aforementioned photointtiator, a photosensittzer, and a chain transfer 
agent. 

In order to obtain 0.005 or more (0.01 or more [ Preferably ]) refractive increment (deitan) after 
radiation irradiation, in the case of ultraviolet rays, it is [ below 10 J/cm 2 ] preferably good [ the 
dose of radiation ] also in such a constituent, that it is below 5 J/cm 2 , for example. 
[0057] 

Below, as an example of this invention, as a polymer PVMA (example 1), i.e., the gay polymer 
of vinyl methacryiate. Use the random copolymer (examples 2-4) of vinyl methacryiate and 
other monomers, and the block copolymer (examples 8 and 9) of vinyl methacryiate and other 
monomers, and these light-refractive-index abnormal-conditions polymers thru/or polymer 
compositions is received, The example to which a refractive index is made to increase by UV 
irradiation is indicated. 
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PVMA is used as a polymer and the example (examples 5-7) which performed UV irradiation 
under a nitrogen gas atmosphere is also indicated, Furthermore, an example (comparative 
example 1) when UV irradiation is performed to polymethylmethacrylate is also collectively 
indicated for comparison. 
[Work example 1] 
[0058] 

Composition of a catalyst> 

The coordmated-anionic-polymerization catalyst was compounded as follows. 

It is pentamethylcyclopentadienyl potassium salt, adding and agitating 330 ml of 
tetrahydrofurans with Sml 2 3.9818g in the flask which carried out argon substitution. 
[(C 5 Me 5 ) K] With THF and hexane after adding 45.858 g, making it react at a room 

temperature, having carried out decompression removal of the THF, having added toluene to 
the solid, collecting supernatant fluids and carrying out reduced pressure drying after that 
Recrystallization of [(C g Me 5 ) 2 Sm(THF) 2 ] was performed. this[(C 5 Me 5 ) 2 Sm(THF) 2 J 2.5 g was 

dissolved in 60 ml of toluene, and it reacted by adding and agitating 2.2 ml of triethyialuminum. 
After removing a sediment, recrystallization was performed and 2 (C g Me 5 ) SmMe (THF) was 

obtained. 
[0059] 

Composition of PVMA> 

80 ml of toluene fully dried and deaerated was added to the SHURENKU pipe except moisture 
and air, and 20 ml (18. 7g / 166.4 millimol) of vinyl methacrylate which carried out distillation 
refining was fully added after desiccation by CaH 2 . After adjusting an internal temperature to - 

78 **, what diluted with 5 ml of dry toluene 2 SmMe(THF)0.189g (0.373 millimol) which is the 

catalyst compounded by the aforementioned method (C g Me 5 ) was taught, and the 

polymerization was started, it is made for a monomer / catalyst ratio to be set to 448, and the 
catalyst amount set the theoretical molecular weight as about 50,000. After making it react at 
polymerization temperature-78 ** for 3 hours, methanol was added to the system of reaction 
and the polymerization reaction was suspended. After having made the polymer (polyvinyl 
methacrylate) which added and generated methanol sediment, isolating and dissolving in ethyl 
acetate, it was made to reprecipitate with methanol again and refined. 

Reduced pressure drying performed desiccation of a polymer. The yield of the generated 
polymer was 18.7g (yield > 99 % of the weight). The number average molecular weight (Mn) 



http://vv\w4.ipd!.inpit.go^ 6/17/2009 



JP,2005-326688,A f DETAILED DESCRIPTION] 



Page 18 of 3 1 



calculated by GPC (gel permeation chromatography) was 77,000, weight average molecular 
weight (Mw) was 115,000, and molecular weight distribution (Mw/Mn) was 1.49. The survival 
rate of the side chain vinyl group of the radical polymerization nature in the polymer for which it 
asked by 1 H-NMR [The survival-rate (%) = vinyl group (4.9 ppm) / methyl group (1.3-0.6 ppm) 
x100] of the vinyl group were 100%, and the syndiotacticity (rr) of the tacticity of the main chain 
was 92%. 

1 H-NMR chart of the above-mentioned polymer (polyvinyl methacryiate) was shown in 
drawing 1 . The enlarged drawing of the main chain methyl group used for calculation of the 
tacticity in this 1 H-NMR chart was shown in drawing 2. The methyl group of the main chain of 
the polyvinyl methacryiate detected by calculation of the above-mentioned tacticity at 1 .2-0.9 
ppm The integral curve of [near 1.19 ppm (mm), 1.07 ppm (mr), 0.92 ppm (rr)] was used. 

About 0.1 g of polyvinyl methacryiate (PVMA) obtained by carrying out in this way next was 
immersed in 50 mi of ethy! acetate, and was ****(ed) for two days. When extracted the ethyl 
acetate insoluble element, it was made to fully dry, the weight was broken by the total amount 
of polymers before the ethyl acetate dissolution and the insoluble element asked comparatively 
(gel fraction), it was 0 % of the weight. 
[0080] 

<Production of an optical exposure sampie> 

It puts into 0.4 ml of ethyl acetate, and the above-mentioned PVMAO.Ig was agitated and was 
dissolved thoroughiy. Next, into the clean room, the spin coat of this the PVMA / ethyl acetate 
solution was carried out to the silicon wafer in the spin coater (trade name made from MSKASA 
"spin coater 1 H-DX"). The conditions of the spin coat were made into 2,000 rpm and 2 
seconds, and the solvent was dried for about 4 minutes after that on the hot plate set as 80 **. 
Vacuum drying of what carried out the spin coat was carried out at 50 ** for 5 hours, and the 
PVMA film about 7 micrometers thick was obtained on the silicon wafer board. Especially the 
above-mentioned silicon wafer board was used without carrying out washing processing. 

Next, it irradiated with ultraviolet rays to the PVMA film on this silicon wafer board. If in charge 
of an exposure, it is UV irradiation device vaive flow coefficient- 1 10 Q-G. [device form name; 
the metal haitde lamp was used for the light source using fusion UV systems Japan]. Although 
the metal haiide lamp has emitted the light whose wavelength is 250-450 nm, When the 
ultraviolet and visible absorption spectrum of PVMA was measured beforehand, in order for 
280-300 nm to show absorption of a side chain vinyi group, it judged that there was no 
influence of an exposure of other wavelength, and the wavelength filter in particular was not 
used. 
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Irradiation intensity is UV radiometer for high energies, and UV power-package exposure 
measuring instrument, [trade name; it measured by fusion UV systems Japan]. UV irradiation 
was performed without using a filter on condition of for D vaive, 55% of output, irradiation 
range [ of 25 mm ], and line velocity/of 2 m. The addition iight volume in this condition was 
4.242 J/cm^. The illumination and light volume in each wavelength are shown in Table 1. 
[0061] 
Table 1 



* UVA ** (320-390 nm) 1 .373 ** 1 .971 * 
" UVB ** (280-320 nm) 0.725 ** 0.982 * 

* UVC ** (250-260 nm) 0.071 ** 0.100 * 

* UVV ** (395-445 nm) 0.861 ** 1.209 * 



Amount of ** addition ** - ** 4.242 * 



[0062] 

The m-Line method (prism coupling process) is used for the refractive index of the PVMA film 
in each irradiation time of ultraviolet rays, it measured in helium-Ne laser (wavelength of 633 
nm), TE (transverse - electric) mode (the film plane of material, and the polarization mode of a 
parallel light), and TM (transverse magnetic) mode (polarization mode of the film plane of 
material, and a vertical light). The result was as being shown in Table 2. 
[0063] 
Table 2 

** addition light volume **TE-mode** deltan **TM mode** deitan ** 
**(J/cm 2 ) ** **(refractive index difference) ** **(refractive index difference) ** 



*0** 1.49510**-** 1.49486 

* 4.2 ** 1 .50399 ** 0.00899 ** 1 .50505 ** 0.01019 ** 
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** 8.4 ** 1 .50599 ** 0.01 089 ** 1 .50609 ** 0.01 1 23 ** 
[0064] 

By the exposure of the addition light volume of total 8.4 J/cm 2 , the refractive index could be 
increased from 1.49510 to 1.50599 (refractive index difference 0.01089) by the TE mode, and 
the value big enough was able to be obtained for the application to optical devices so that 
clearly from the above-mentioned result. The double reflex at this time (absolute value of TM- 
TE) was dramatically as small as 0.0001. 

They are reflection and penetrometer HR-100 type about the transparency and the haze value 
of the film at the time of the exposure of the addition Sight volume of the above-mentioned total 
8.4 J/cm 2 next, [device form name; it evaluated using Murakami Color Research Laboratory]. 
As a result, the total light transmittance after UV irradiation was 92%, and the haze value was 
3%. 

[Work example 2] 
[0065] 

<Composition of the random copolymer of VMA and other monomers> 

The random copolymer of vinyl methacrylate (VMA) and methyl methacrylate (MMA) was 

compounded using the catalyst compounded in Example 1 . 

50 ml of toluene fully dried and deaerated was added to the SHURENKU pipe except moisture 
and air, and VMA7.5m! (7.0g / 62.4 millimo!) and MMA7.5ml (7.0g / 70.1 miliimol) which carried 
out distillation refining were fully added after desiccation by CaH 2 . After adjusting an interna! 

temperature to -78 **, what diluted 2 SmMe(THF)0.198g (0.390 millimo!) with 5 mi of dry 

toluene as a catalyst (C g Me 5 ) was taught, and the polymerization was started. It is made for a 

monomer / catalyst ratio to be set to 160 (VMA) and 180 (MMA), and the catalyst amount set 
the theoretical molecular weight as about 36,000. After making it react at polymerization 
temperature- 78 ** for 3 hours, methanol was added to the system of reaction and the 
polymerization reaction was suspended. After having made the polymer which furthermore 
added and generated methanol sediment, isolating and dissolving in ethyl acetate, it was made 
to reprecipitate with methanol again and refined. Reduced pressure drying of the obtained 
polymer (VMA-MMA random copolymer) was carried out. 

The rate of a copolymerization ratio of VMA and MMA of this polymer (mol %) was 47:53. The 
yield of the polymer was 8.0g (57.1 % of the weight of yield). The number average molecular 
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weight (Mn) by GPC was 35,900, weight average molecuiar weight (Mw) was 43,600, and 
molecular weight distribution (Mw/Mn) was 1.44, The survival rate of the side chain vinyl group 
of the radical polymerization nature in the polymer for which it asked by 1 H-NMR [The 
survival-rate {%} = vinyl group (4.9 ppm) / methyl group (1 .3-0.6 ppm) x100] of the vinyl group 
were 100%, the tacticsty of the main chain was combined with MM A and syndiotacticity (rr) was 
90%. 



About 0.1 g of polymers (VMA-MMA random copolymer) produced by doing in this way next 
were immersed in 50 ml of ethyi acetate, and were made to **** for two days. As a result of 
extracting an ethyl acetate insoluble element, making it fully dry, breaking the weight by the 
total amount of polymers before the ethyi acetate dissolution and an insoluble element's asking 
comparatively (gel fraction), it was 0 % of the weight. 



<Production of an optica! exposure sample> 

To the above-mentioned VMA-MMA random copolymer, it is the 2-methyl- 1 as a photoinitiator. 
- [4-(methylthio) phenyl] Blend the-2-morphoiinopropane 1 (Ciba-Geigy "iRGACURE 907") 1% 
of the weight to the above-mentioned random copolymer, and it is made to be the same as that 
of Example 1, The film was produced on the silicon wafer board and the refractive index 
change by UV irradiation was measured by the m-Line method (prism coupling process). This 
result was as being shown in Table 3. 
[0067] 
Table 3 

** addition light volume **TE-mode** deltan **TM mode** deltan ** 



** 0 ** 1 .49427 ** - ** 1 .49440 ** - ** 

** 4.2 ** 1 .50502 ** 0.01 075 ** 1 .50525 ** 0.01 085 ** 

** 8.4 ** 1.50403 ** 0.00976 ** 1.50415 ** 0.00975 ** 

[0068] 

Example 2 which uses a VMA-MMA random copolymer so that clearly from the above- 
mentioned result, By the exposure of the addition light volume of a total of 4.2J[/cm ] 2 , the 
refractive index could be made to increase from 1 .49427 to 1 .50502 (refractive index 
difference 0.01075) by the TE mode, and the value big enough was able to be obtained for 
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application of optical DEBAISUHE. The dose of ultraviolet rays when the refractive index 
change of the above 0.01 is obtained became it is lower than the amount of UV irradiation 
required in Example 1 to obtain the almost same refractive index change, and possible 
[ obtaining a refractive index change efficiently with low illumination more J. The double reflex 
at this time (absolute value of TM-TE) was very as small as 0.00023. As a result of 
investigating the total light transmittance and the haze value of a film at this time like the 
above, total light transmittance was 92% and the haze value was 3%. 
[Work example 3] 
[0069] 

<Composition of the random copolymer of VMA and other monomers> 
Monomer composition is changed into 2.8 mi (16.64 msliimol) of VMAIOml (83.2 mHlimol) and 
N\ and N'-dimethyiaminoethyl methacrylate (DMMA), The VMA-DMMA random copolymer was 
obtained like Example 2 except having changed into 0.095 g (0.187 miHimol) the quantity of 
2 SmMe (THF) which is a catalyst {C 5 fv1e g ), and having changed the quantity of toluene into 51 

ml, respectively. 

The rate of a copolymerization ratio of VMA and DMMA of this polymer (mol %) was 83:17. 
The yield of the polymer was 5.45g (45.6 % of the weight of yield). The number average 
molecular weight (Mn) by GPC was 65,000, weight average molecular weight (Mw) was 
91 ,600, and molecular weight distribution (Mw/Mn) was 1 .41 . The survival rate of the side 
chain vinyl group of the radical polymerization nature in the polymer for which it asked by 1 H- 
NMR was 100%, and the syndiotacticity (rr) of the tacticity of the main chain was 92%. When 
the insoluble element of this polymer measured comparatively (gel fraction) like the above, it 
was 0 % of the weight. 
[0070] 

<Production of an optical exposure sample> 

Next, this VMA-DMMA random copolymer was used and the film as an optical exposure 
sample was produced like Example 2. About this film, the refractive index change by UV 
irradiation was measured by the m-Line method (prism coupling process). This measurement 
result was as being shown in Table 4. 
[0071] 
Table 4 

** addition light volume **TE-mode** deitan **TM mode** deitan ** 
**(J/cm 2 ) ** **(refractive index difference) ** **(refractive index difference) ** 

** 0 ** 1 .49536 ** - ** 1 .49542 ** - ** 

http:/Avww4jpdUnpit.gojp/cgi-bt^ 6/17/2009 



JP,2005-126688,A [DETAILED DESCRIPTION] 



Page 23 of 3 1 



** 4.2 ** 1 .50440 ** 0.00904 ** 1 .50466 ** 0.00924 ** 
** 8.4 ** 1.50573 ** 0.01037 ** 1.50583 ** 0.01041 ** 
[0072] 

In Example 3 using a VMA-DMMA random copolymer, so thai clearly from the above- 
mentioned result. By the UV irradiation of the addition light volume of total 8.4 J/cm 2 , the 
refractive index (TE mode) could be made to increase from 1.49536 to 1.50573 (refractive 
index difference 0.01037), and the value big enough was able to be obtained for the 
application to optica! devices. The double reflex at this time (absolute value of TM-TE) was 
very as small as 0.00010. As a result of investigating the total light transmittance and the haze 
value of a film at this time like the above, total light transmittance was 90% and the haze value 
was 2%. 

[Work example 4] 
[0073] 

Composition of the random copolymer of VMA and other monomers> 
Monomer composition VMASml (41.6 millimol) and perfluorooctylethyl methacrylate (trade 
name made from the Kyoeisha chemicals "light ester FM-108"). (It is hereafter called PFMA) It 
changes into 5 ml (15.59 millimol), The VMA-PFMA random copolymer was obtained like 
Example 2 except having changed into 0.095 g (0.187 millimol) the quantity of 2 SmMe (THF) 

which is a catalyst (CgMe^), and having changed the quantity of toluene into 40 ml, 

respectively. 

The rate of a copolymerization ratio of VMA and PFMA of this polymer (mol %) was 73:27. The 
yield of the polymer was 2.81 g (21.7 % of the weight of yield). The number average molecular 
weight (Mn) by GPC was 41 ,900, weight average molecular weight (Mw) was 56,200, and 
molecular weight distribution (Mw/Mn) was 1.34. The survival rate of the side chain vinyl group 
of the radical polymerization nature in the polymer for which it asked by 1 H-NMR was 100%, 
and the syndioiacticity (rr) of the tacticity of the main chain was 90%. When the insoluble 
element of this polymer measured comparatively (gei fraction) like the above, it was 0 % of the 
weight. 
[0074] 

<Production of an optical exposure sample> 

Next, this VMA-PFMA random copolymer was used and the film as an optical exposure 
sample was produced like Example 2. About this film, the refractive index change by UV 
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irradiation was measured by the m-Line method (prism coupling process). This measurement 
result was as being shown in Table 5, 
[0075] 
Table 5 

** addition light volume **TE~mode** deltan **TM mode** deltan ** 
**(J/cm 2 ) ** **(refractive index difference) ** **{refractive index difference) ** 



** 4.2 ** 1.48830 ** 0.01205 ** 1.48656 ** 0.01164 ** 
** 8.4 ** 1.48304 ** 0.00879 ** 1.48334 ** 0.00842 ** 
[0076] 

In Example 4 using a VMA-PFMA random copolymer, so that clearly from the above- 
mentioned result. By the UV irradiation of the addition light volume of total 8.4 J/cm 2 , the 
refractive index (TE mode) could be made to increase from 1.47425 to 1 .48304 (refractive 
index difference 0.00879), and the value big enough was able to be obtained for the 
application to optical devices. The double reflex at this time (absolute value of TM-TE) was 
very as small as 0.00030. As a result of investigating the total light transmittance and the haze 
value of a film at this time like the above, total light transmittance was 90% and the haze value 
was 3%. 

[Work example 5] 
[0077] 

To PVMA obtained in Example 1 , it is the 2-methyl- 1 as a photoinitiator. - [4-(methylthio) 
phenyl] To PVMA, what dissolved beforehand the-2-morpholinopropane 1 (Ciba-Geigy 
"IRGACURE 907") in ethyl acetate at 1 % of the weight was blended so that it might become 
1% of the weight by solid content, and the film as an optical exposure sample was produced 
like Example 1. About this film, the refractive index change of the film was measured like 
Example 1 except having been made to perform UV irradiation under a nitrogen gas 
atmosphere. This result was as being shown in Table 6 and drawing 3. 
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[0078] 
Table 6 

** addition light volume **TE-mode** deltan **TM mode** deitan ** 
**(J/cm 2 ) ** **(refractive index difference) ** **(refractive index difference) ** 

** 0 ** 1 .49325 ** - ** 1 .49291 ** - ** 

** 0.050** 1.49986 ** 0.00881 ** 1.50015 ** 0.00724 ** 

** 0.100** 1.49906 ** 0.00581 ** 1.49879 ** 0.00588 ** 

** 0.200** 1 .49925 ** 0.00800 ** 1 .49894 ** 0.00403 ** 

** 0.500** 1.50288 ** 0.00963 ** 1.50347 ** 0.01056 ** 

** 0.750** 1 50242 ** 0.00917 ** 1 .50375 ** 0.01084 ** 

** 1 .000** 1 .5031 9 ** 0.00994 ** 1 .50372 ** 0.01 081 ** 

** 2.000** 1 .50294 ** 0.00969 ** 1 .50381 ** 0.01090 ** 

** 4.000** 1 .50271 ** 0.00946 ** 1 .50315 ** 0.01024 ** 

[0079] 

In Example 5 which blended the photoinitiator and performed UV irradiation under a nitrogen 
gas atmosphere, so that clearly from the above-mentioned result. By the UV irradiation of the 
addition light volume of total 0.5 J/cm 2 , the refractive index (TE mode) could be increased from 
1.49325 to 1.50288 (refractive index difference 0.00963), and the value big enough was able 
to be obtained for the application to optical devices. The amount of UV irradiation at this time 
was lower than the amount of UV irradiation required in Example 1 which was not made into a 
nitrogen gas atmosphere to obtain the almost same refractive index change, and was able to 
obtain the refractive index change efficiently with low illumination more. The double reflex at 
this time (absolute value of TM-TE) was very as small as 0.00059. 
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[Work example 6] 
[0080] 

The film as an optical exposure sample was produced like Example 5 except having blended 
0.001 g (1 % of the weight) of 2-mercaptobenzothiazole as a chain transfer agent. About this 
film, UV irradiation was performed under a nitrogen gas atmosphere like Example 5, and the 
refractive index change of the film was measured. This measurement result was as being 
shown in Table 7 and drawing 3. 
[Work example 7] 
[0081] 

The film as an optica! exposure sample was produced like Example 5 except having blended 
0.001 g (1 % of the weight) of trimethylolpropanetris-3-mercaptopropionate as a chain transfer 
agent. About this film, UV irradiation was performed under a nitrogen gas atmosphere like 
Example 5, and the refractive index change of the film was measured. This measurement 
result was as being shown in Table 8 and drawing 3. 

[0082] 
Table 7 

** addition light volume **TE-mode** deltan **TM mode** deltan ** 



0 ** 1 .49355 ** - * 


* 1 .49374 ** 






0.050*' 


' 1 .49701 * 


* 0.00346 ** 


1.49762* 


* 0.00388 


0.100*' 


* 1.50019* 


* 0.00664 ** 


1.50106* 


* 0.00732 


0.200*' 


' 1.50695* 


* 0.01 340 ** 


1.50759* 


* 0.01385 


0.500*' 


* 1 .50654 * 


* 0.01299 ** 


1.50631 * 


* 0.01257 


0.750*' 


* 1 .50625 * 


* 0.01270 ** 


1.50621 * 


* 0.01247 


1.000*' 


* 1.50550* 


* 0.01 195 ** 


1.50501 * 


* 0.01127 


2.000** 


' 1.50547* 


* 0.01 192 ** 


1 .50578 * 


* 0.01204 
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** 4.000** 1.50633 ** 0.01278 ** 1.50646 ** 0.01272 ** 

[0083] 
Table 8 

** addition light volume **TE-mode** deltan **TM mode** deltan * 



* 0 ** 1 .49245 ** - ** 1 .49261 ** - ** 

* 0.050** 1.49977 ** 0.00732 ** 1.49981 ** 0.00720 * 

* 0.100** 1.50413**0.01168 ** 1.50421 ** 0.01160* 







** 0.200** 


1 1.50787 * 


** 0.500*' 


' 1.50845* 


** 0.750*' 


v 1.50842 * 


** 1.000*' 


* 1.50728 * 


** 2.000*' 


' 1 .50807 * 


** 4.000*' 


k 1.50823 * 


[0084] 





In Example 8, among Examples 6 and 7 which added the chain transfer agent to PVMA so that 
clearly from the above-mentioned result by the UV irradiation of the addition light volume of 

2 

total 0.5 J/cm . Can make a refractive index (TE mode) increase from 1.49355 to 1.50654 
(refractive index difference 0.01299), and in Example 7 by the UV irradiation of the addition 
light volume of total 0.5 J/cm 2 . The refractive index (TE mode) could be made to increase from 
1.49245 to 1.50845 (refractive index difference 0.01600), and all were able to obtain the value 
big enough for the application to optical devices. These refractive index variations were larger 
than the case of Example 5 which does not add a chain transfer agent, and were able to obtain 
the refractive index change efficiently with low illumination further. The double reflex at this 
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time (abso Lie value of TM-TE) is 0.00037 in 0.00023 and Example 7 in Example 6. 
All were very small, 

[Work example 8] 
[0085] 

Composition of the block copolymer of VMA and other monomers> 

The block copolymer of VMA and MMA was compounded using the catalyst compounded in 

Example 1. 

MMA(methy! methacrylate)7,5mi (7.0g / 70,1 millimol) which carried out distillation refining of 
the toluene fully dried and deaerated after desiccation by 50 ml, in addition CaH 2 was fully 
added to the SHURENKU pipe except moisture and air. After adjusting an internal temperature 
to -78 **, what was diluted with 5 ml of 2 SmMe(THF)0.198g (0.390 millimol) dry toluene as a 
catalyst (C g Me 5 ) was taught, and the polymerization was started, it is made for a monomer / 

catalyst ratio to be set to 160 (VMA) and 180 (MMA), and the catalyst amount set the 
theoretical molecular weight as about 36,000. VMA(vinyl methacryiate)7.5mi (7,0g / 62.4 
millimol) which carried out distillation refining after desiccation by CaH 2 after making it react at 

polymerization temperature-78 ** for 3 hours - in addition, further, it polymerized at -78 ** for 5 
hours, methanol was added to the system of reaction, and the polymerization reaction was 
suspended. Then, after having made the polymer which added and generated methanol 
sediment, isolating and dissolving in ethyl acetate, it was made to reprecipitate with methanol 
again and refined. 

Reduced pressure drying of the obtained polymer (VMA-MMA block copolymer) was carried 
out. The rate of a copoiymerization ratio of VMA and MMA of this block copolymer (mo! %) was 
47:53. The yield of the polymer was 13.4g (95.6 % of the weight of yield). The number average 
molecular weight (Mn) calculated by GPC was 35,900, weight average molecular weight (Mw) 
was 43.600, and molecular weight distribution (Mw/Mn) was 1 .44. The survival rate of the side 
chain vinyl group of the radical polymerization nature in the poiymer for which it asked by 1 H- 
NMR was 100%, the tacticity of the main chain was combined with MMA and syndiotacticity 
(rr) was 90%, When the insoluble element of this poiymer measured comparatively (gel 
fraction) like the above, it was 0 % of the weight. 
[0086] 

<Creation of an optical exposure sample> 

Next, Ciba-Geigy "IRGACURE 907" was blended with this VMA-MMA block copolymer 1% of 
the weight to the copolymer as a photoinitiator, and the film was created on the silicon wafer 
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board like Example 1. About this film, the refractive index change by UV irradiation was 
measured by the m-line method (prism coupling process). The result was as being shown in 
Table 9. 



[0087] 
Table 9 

** addition light volume **TE-mode** deltan **TM mode** deltan * 
**(J/cm 2 ) ** **(refractive index ( 

** 0 ** 1 .49408 ** - ** 1 .49422 ** - ** 

** 4.2 ** 1.49813 ** 0.00407 ** 1.49833 ** 0.00411 ** 

** 8.4 ** 1.50054 ** 0.00648 ** 1.50078 ** 0.00656 ** 

[0088] 

In Example 8 which uses a VMA-MMA block copolymer, so that clearly from the above- 
mentioned result. By the UV irradiation of the addition light volume of total 8.4 J/cm 2 , the 
refractive index (TE mode) could be made to increase from 1 .49406 to 1.50054 (refractive 
index difference 0.00648), and the value big enough was able to be obtained for the 
application to optical devices. The double reflex at this time (absolute value of TM-TE) was 
very as small as 0.00024. As a result of investigating the total light transmittance and the haze 
value of a film at this time like the above, total light transmittance was 89% and the haze value 
was 3%. 

[Work example 9] 
[0089] 

Composition of the block copolymer of VMA and other monomers> 

It replaces with MMA and is perfiuorooctylethyl methacrylate (the above). [ PFMA and ] a thing 
given in Example 4 - it is the same - it being used, and monomer composition being changed 
into VMA5ml (41.6 millimol) and 5 mi (15.59 miliimoi) of perfiuorooctylethyl methacrylate 
(PFMA), and, The VMA-PFMA block copolymer was obtained like Example 8 except having 
changed into 0.095 g (0.187 millimol) the quantity of SmMe (THF) which is a catalyst at 90 ml 



http://wmv4.ipd!.inpit^^ 6/17/2009 



JP,2005-126688,A [DETAILED DESCRIPTION] 



Page 30 of 31 



about the quantity of the toluene added to a SHURENKU pipe (C^Me^, respectively. 

The rate of a copolymerization ratio of VMA and PFMA of this block copolymer (mol %) was 
73:27. The yield of the polymer was 3.20g (24.7 % of the weight of yield). The number average 
molecular weight (Mn) by GPC was 38,900, weight average molecular weight (Mw) was 
28,300, and molecular weight distribution (Mw/Mn) was 1.30. The survival rate of the side 
chain vinyl group of the radical polymerization nature in the polymer for which it asked by 1 H- 
NMR was 100%, and the syndiotacticity (rr) of the tacticity of the main chain was 91%. When 
the insoluble element of this polymer measured comparatively (gel fraction) like the above, it 
was 0 % of the weight. 
[0090] 

<Creation of an optical exposure sampie> 

Next, this VMA-PFMA block copolymer was used and the film as an optical exposure sample 
was produced like Example 8. About this film, the refractive index change by UV irradiation 
was measured by the m-Line method {prism coupling process). This measurement result was 
as being shown in Table 10. 



[0091] 
Table 10 

** addition light volume **TE-mode** deltan **TM mode** deltan ** 
**(J/cm 2 ) ** **(refractive index difference) ** **(refractive index difference) ** 

**Q** 1.46621 **-** 1.46615**-** 

** 4.2 ** 1.46913 ** 0.00292 ** 1.46903 ** 0.00288 ** 

** 8.4 ** 1.47333 ** 0.00712 ** 1.47199 ** 0.00584 ** 

[0092] 

In Example 9 which uses a VMA-PFMA block copolymer, so that clearly from the above- 
mentioned result. By the exposure of the addition iight volume of total 8.4 J/cm 2 , the refractive 
index (TE mode) could be made to increase from 1.46621 to 1.47333 (refractive index 
difference 0.00712), and the value big enough was able to be obtained for the application to 
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optical devices. The double reflex at this time (absolute value of TM-TE) was very as small as 
0.00134. As a result of investigating the total Sight transmittance and the haze value of a film at 
this time like the above, total light transmittance was 88% and the haze value was 3%. 
[0093] 

Comparative example 1 

It irradiated with ultraviolet rays to the polymethylmethacrylate (PMMA) (Lot TCR2105 by 
Wako medicine industrial company) film like Example 1. As a result, the refractive index of the 
PMMA film hardly changed also with the addition Sight volume of 105J[/cm ] 2 . When PMMA 
after UV irradiation was extracted and having been identified by IR and NMR, it became clear 
that most reactions that the crosslmking reaction which causes a density change, and 
polarizability become large were not produced. 
[Brief Description of the Drawings] 
[0094] 

[Drawing 1]lt is a characteristic figure showing 1 H-NMR chart of the light-refractive-index 
abnormal-conditions polymer (polyvinyl methacrylate-VMA) obtained in Example 1. 
[Drawing 2]lt is the enlarged drawing of a main chain methyl group used for calculation of the 
tacticity in 1 H-NMR chart of drawing 1. 

[Drawing 3]lt is a characteristic figure showing the relation between the addition light volume of 
ultraviolet rays when the polyvinyl methacryiate (PVMA) film of Example 5 (with no chain 
transfer agent as an accelerating agent) and Examples 6 and 7 (those with a chain transfer 
agent as an accelerating agent) is irradiated with ultraviolet rays under a nitrogen gas 
atmosphere, and refractive index difference. 



[Translation done.] 
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